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ABSTRACT 


BACKGROUND 
In some patients with chronic obstructive pulmonary disease (COPD), type 2 inflam- 
mation may increase exacerbation risk and may be indicated by elevated blood eosino- 
phil counts. Dupilumab, a fully human monoclonal antibody, blocks the shared recep- 
tor component for interleukin-4 and interleukin-13, key drivers of type 2 inflammation. 


METHODS 

In a phase 3, double-blind, randomized trial, we assigned patients with COPD who 
had a blood eosinophil count of at least 300 per microliter and an elevated exacerba- 
tion risk despite the use of standard triple therapy to receive dupilumab (300 mg) or 
placebo subcutaneously once every 2 weeks. The primary end point was the annual- 
ized rate of moderate or severe exacerbations of COPD. Key secondary and other end 
points that were corrected for multiplicity were the change in the prebronchodilator 
forced expiratory volume in 1 second (FEV,) and in the scores on the St. George’s 
Respiratory Questionnaire (SGRQ; range, 0 to 100, with lower scores indicating a 
better quality of life) and the Evaluating Respiratory Symptoms in COPD (E-RS- 
COPD; range, 0 to 40, with lower scores indicating less severe symptoms). 


RESULTS 
A total of 939 patients underwent randomization: 468 to the dupilumab group and 
471 to the placebo group. The annualized rate of moderate or severe exacerbations 
was 0.78 (95% confidence interval [CI], 0.64 to 0.93) with dupilumab and 1.10 (95% 
CI, 0.93 to 1.30) with placebo (rate ratio, 0.70; 95% CI, 0.58 to 0.86; P<0.001). The 
prebronchodilator FEV, increased from baseline to week 12 by a least-squares (LS) 
mean of 160 ml (95% CI, 126 to 195) with dupilumab and 77 ml (95% CI, 42 to 112) 
with placebo (LS mean difference, 83 ml; 95% CI, 42 to 125; P<0.001), a difference 
that was sustained through week 52. At week 52, the SGRQ score had improved by 
an LS mean of —9.7 (95% CI, -11.3 to —-8.1) with dupilumab and —6.4 (95% CI, —8.0 
to —4.8) with placebo (LS mean difference, —3.4; 95% CI, —5.5 to —1.3; P=0.002). The 
E-RS-COPD score at week 52 had improved by an LS mean of -2.7 (95% CI, -3.2 to 
—2.2) with dupilumab and -1.6 (95% CI, —2.1 to -1.1) with placebo (LS mean differ- 
ence, —1.1; 95% CI, -1.8 to —0.4; P=0.001). The numbers of patients with adverse 
events that led to discontinuation of dupilumab or placebo, serious adverse events, 
and adverse events that led to death were balanced in the two groups. 


CONCLUSIONS 
Among patients with COPD who had type 2 inflammation as indicated by elevated 
blood eosinophil counts, those who received dupilumab had fewer exacerbations, 
better lung function and quality of life, and less severe respiratory symptoms than 
those who received placebo. (Funded by Sanofi and Regeneron Pharmaceuticals; 
BOREAS ClinicalTrials.gov number, NCT03930732.) 
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HRONIC OBSTRUCTIVE PULMONARY DIS- 

ease (COPD) is often associated with 

markedly reduced lung function and an 
increased risk of exacerbations,‘? which are 
characterized by a worsening of cough or dys- 
pnea, an increased volume or purulence of spu- 
tum, or a combination of these symptoms.’ Ex- 
acerbations are also associated with an increased 
risk of subsequent exacerbations, accelerated 
lung-function decline, and an increased risk of 
death from any cause, despite the use of inhaled 
medications.*? Improving lung function and re- 
ducing exacerbations are therefore unmet needs 
in patients with COPD. 

Although COPD has long been recognized as 
involving an amplified innate immune response, 
there is growing recognition that some patients 
with this disease have type 2 inflammation. 
Evidence of type 2 inflammation is present in 20 
to 40% of patients with COPD and is associated 
with an increased risk of exacerbations; patients 
with type 2 inflammation may have a better re- 
sponse to glucocorticoids than patients with no 
evidence of such inflammation.** Cytokines and 
immune cells that are most commonly elevated 
in patients with type 2 inflammation include 
interleukin-5, interleukin-4, interleukin-13, type 
2 innate lymphoid cells, and type 2 helper T cells, 
and increased levels of these cells can cause el- 
evated eosinophil counts in sputum, bronchial 
tissue, and blood or elevated levels of fractional 
exhaled nitric oxide (FENO).°” The interleukin-5 
pathway specifically drives eosinophil matura- 
tion and survival. The interleukin-4 and interleu- 
kin-13 pathways increase the FENO level and, 
more broadly, promote eosinophil and type 2 
inflammatory cell infiltrates in the lung. These 
infiltrates are believed to be involved in patho- 
logic processes in COPD, including airway hyper- 
reactivity, impairment of epithelial barrier func- 
tion, fibrosis, and airway remodeling; lung-function 
decline; goblet-cell hyperplasia; mucociliary dys- 
function; and mucus hypersecretion.’ 

To date, studies of anti—interleukin-5 biologic 
agents in the treatment of COPD have produced 
mixed results with respect to reduction in the 
number of exacerbations and have provided no 
evidence of improvement in lung function, abate- 
ment of symptoms, or increase in quality of life 
despite the depletion of eosinophils in peripheral 
blood that is known to occur with these agents. 
Dupilumab is a fully human monoclonal antibody 
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that blocks the shared receptor component for 
interleukin-4 and interleukin-13.>"* By blocking 
type 2 inflammation more broadly, dupilumab 
may produce a clinical benefit in patients with 
COPD. We designed the BOREAS trial to investi- 
gate the efficacy and safety of dupilumab in pa- 
tients with COPD who had evidence of type 2 
inflammation despite the receipt of standard in- 
haled triple therapy that consisted of an inhaled 
glucocorticoid, a long-acting muscarinic antago- 
nist (LAMA), and a long-acting £,-agonist (LABA). 


METHODS 


TRIAL DESIGN AND OVERSIGHT 
The BOREAS trial was a phase 3, multicenter, 
international, double-blind, randomized, placebo- 
controlled trial conducted at 275 sites in 24 
countries. Patients who met the eligibility crite- 
ria during a 4-week (with a window of +1 week) 
screening period were randomly assigned in a 
1:1 ratio to receive subcutaneous dupilumab as 
add-on therapy at a dose of 300 mg or matching 
placebo once every 2 weeks for 52 weeks. Ran- 
domization was stratified according to country 
and inhaled glucocorticoid dose at baseline 
(Table S1 in the Supplementary Appendix, avail- 
able with the full text of this article at NEJM.org). 
Enrollment of current smokers (defined accord- 
ing to smoking status at the screening visit) was 
capped at 30%. After the 52-week trial period, pa- 
tients entered a 12-week follow-up safety period 
during which they were no longer receiving du- 
pilumab or placebo (Fig. S1). 

The trial was approved by the appropriate 
regulatory authorities and ethics committees, 
and all the patients provided written informed 
consent. The trial protocol, including the statisti- 
cal analysis plan, is available at NEJM.org. Over- 
sight of the trial was provided by an external, 
independent data and safety monitoring com- 
mittee that included experts in COPD, biostatis- 
tics, and clinical research. Exacerbations of COPD, 
cardiovascular events, and deaths from any cause 
were adjudicated by an independent committee 
whose members were unaware of the trial-group 
assignments (see the Supplementary Appendix). 

The sponsors (Sanofi and Regeneron Pharma- 
ceuticals) designed the trial and collected and 
analyzed the data. All the authors had access to 
and participated in the interpretation of the data 
presented herein and provided input into the draft- 
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ing and final approval of the manuscript for 
submission. A medical writer who was funded by 
the sponsors provided medical writing and edito- 
rial assistance with an earlier version of the 
manuscript in accordance with Good Publication 
Practice guidelines. The authors vouch for the ac- 
curacy and completeness of the data and for the 
fidelity of the trial to the protocol. 


PATIENTS 
Eligible patients were current or former tobacco 
smokers who had a smoking history of at least 
10 pack-years, were 40 to 80 years of age at the 
time of screening, and had had physician-diag- 
nosed COPD for at least 12 months before ran- 
domization. Patients were required to have a 
postbronchodilator ratio of the forced expiratory 
volume in 1 second (FEV,) to the forced vital ca- 
pacity of less than 0.70 and a postbronchodilator 
FEV, of 30 to 70% of the predicted normal value. 
Patients had a dyspnea score of grade 2 or higher 
on the Medical Research Council dyspnea scale 
(scores range from 1 to 5, with higher scores in- 
dicating more severe dyspnea). Patients had to 
have been receiving background triple inhaler 
therapy (inhaled glucocorticoid plus LAMA-LABA) 
for at least 3 months before randomization and 
a stable dose of this therapy for at least 1 month 
before screening (LAMA-LABA alone was allowed 
if inhaled glucocorticoid was contraindicated). 

Patients had to have had signs or symptoms 
of chronic bronchitis for at least 3 months dur- 
ing the year before screening, and they had an 
absolute blood eosinophil count of at least 300 
per microliter at the screening visit. Patients had 
at least two moderate exacerbations or at least 
one severe exacerbation (as defined in the next 
section) within the year before screening; at least 
one of the moderate exacerbations was to have 
resulted in the use of systemic glucocorticoids, 
and at least one exacerbation had to have oc- 
curred while the patient was receiving inhaled 
glucocorticoid plus LAMA-LABA (or LAMA-LABA 
alone, if inhaled glucocorticoid was contraindi- 
cated). A current diagnosis of asthma or a history 
of asthma was an exclusion criterion. Details of 
the inclusion and exclusion criteria are provided 
in the Supplementary Appendix. 


END POINTS 
The primary end point was the annualized rate 
of moderate or severe exacerbations of COPD dur- 


ing the 52-week trial period. Moderate exacerba- 
tions were defined as exacerbations that resulted 
in treatment with a systemic glucocorticoid, an 
antibiotic agent, or both. Severe exacerbations 
were defined as exacerbations that led to hospi- 
talization or an emergency medical care visit or 
that resulted in death. 

Secondary and other end points that were 
corrected for multiplicity were the following: the 
change from baseline in the prebronchodilator 
FEV, at weeks 12 and 52, the change from base- 
line in the prebronchodilator FEV, at weeks 12 and 
52 among the patients who had a FENO level of 
20 parts per billion (ppb) or higher at baseline, 
the change from baseline to week 52 in the St. 
George’s Respiratory Questionnaire (SGRQ) to- 
tal score (scores range from 0 to 100, with lower 
scores indicating a better quality of life; minimum 
clinically important difference [MCID], 4 points”), 
the percentage of patients with a change of at 
least 4 points (the MCID) in the SGRQ total score 
at week 52, the change from baseline to week 52 
in the Evaluating Respiratory Symptoms in COPD 
(E-RS—COPD) total score (scores range from 0 to 
40, with lower scores indicating less severe re- 
spiratory symptoms), and the annualized rate of 
moderate or severe COPD exacerbations among 
the patients who had a FENO level of 20 ppb or 
higher at baseline. The key safety end points were 
adverse events and serious adverse events that oc- 
curred after initiation of dupilumab or placebo. 


STATISTICAL ANALYSIS 
Efficacy was evaluated in the intention-to-treat 
population, which included all patients who un- 
derwent randomization, and was analyzed accord- 
ing to the trial group to which each patient was 
randomly assigned. Safety was evaluated in the 
safety population, which included all patients who 
received at least one full or partial dose of dupi- 
lumab or placebo, and was analyzed according to 
the treatment each patient received. 

We estimated that a sample of 924 patients 
(462 in each trial group) would provide the trial 
with 90% power to detect a between-group dif- 
ference in the annualized rate of moderate or 
severe exacerbations of 25% at week 52 at a two- 
sided alpha level of 0.049 (with an administra- 
tive penalty of 0.001 taken from the final analy- 
sis owing to a planned interim analysis). The 
primary end point was analyzed with the use of 
a negative binomial model, with the total num- 
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ber of events occurring during the 52-week trial 
period as the response variable. The trial group, 
geographic region (pooled according to country), 
dose of inhaled glucocorticoid at baseline, smok- 
ing status at screening, physician-assessed dis- 
ease severity at baseline, and number of moder- 
ate or severe exacerbation events of COPD within 
1 year before trial enrollment were used as co- 
variates, and the natural log of the duration of 
receipt of dupilumab or placebo was used as an 
offset variable. The key secondary end points 


(i.e., the change from baseline in the prebroncho- 
dilator FEV, at weeks 12 and 52, the change from 
baseline to week 52 in the SGRQ total score, and 
the percentage of patients with a change of at 
least 4 points in the SGRQ total score at week 52) 
were assessed with the use of a mixed-effects 
model for repeated measures that included the 
trial group, geographic region (pooled according 
to country), dose of inhaled glucocorticoid at 
baseline, smoking status at screening, visit, trial 
group—by-visit interaction, baseline value, base- 


Table 1. Selected Demographic and Disease Characteristics of the Patients at Baseline (Intention-to-Treat Population).* 


Characteristic 
Age — yr 
Male sex — no. (%) 
Race or ethnic group — no. (%)+ 
White 
Black 
Asian 
American Indian or Alaska Native 
Native Hawaiian or other Pacific Islander 
Multiple 
Hispanic or Latino ethnic group — no. (%) t 
Hispanic or Latino 
Non-Hispanic or non-Latino 
Unknown 
Smoking status — no. (%) 
Former smoker 
Current smoker 
Smoking history — pack-yrt 
Body-mass index§ 
Background medication — no. (%) 4 
Triple therapy || 
Inhaled high-dose glucocorticoid 
Biomarkers of type 2 inflammation 
Blood eosinophil count at randomization 
Mean — per pl 
Median (interquartile range) — per pl 
Postbronchodilator FENO — ppb** 
Distribution — no./total no. (%) 
220 ppb 
<20 ppb 


No. of moderate or severe COPD exacerbations in 
previous yr 


Placebo 
(N=471) 


65.2+8.1 
322 (68.4) 


323 (68.6) 
148 (31.4) 
41.4+24.4 
27.6+5.7 


461 (97.9) 
126 (26.8) 


408+331 
330 (230-460) 
23.51+22.00 


188/442 (42.5) 
254/442 (57.5) 
2.3+1.0 


Dupilumab 
(N =468) 


65.0+8.0 
298 (63.7) 


393 (84.0) 
3 (0.6) 
67 (14.3) 
3 


(0.6) 

0 
2 (0.4) 
132 (28.2) 
335 (71.6) 

1 (0.2) 


334 (71.4) 
134 (28.6) 
39.6+22.3 
27.545.4 


455 (97.2) 
131 (28.0) 


3944261 
340 (250-460) 
25.18422.79 


195/433 (45.0) 
238/433 (55.0) 
2.2411 


Total 
(N=939) 


65.148.1 
620 (66.0) 


677 (72.1) 
1 (0.1) 


657 (70.0) 
282 (30.0) 
40.5423.4 
27.6+5.6 


916 (97.6) 
257 (27.4) 


4014298 
340 (240-460) 
24.33422.40 


383/875 (43.8) 
492/875 (56.2) 
2.3+1.0 
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Table 1. (Continued.) 


Characteristic 
Lung function 
Prebronchodilator FEV, — liters 
Postbronchodilator FEV, 
Volume — liters 


Percent of predicted value 


Postbronchodilator ratio of FEV, to FVC 
SGRQ total scoret 
E-RS—COPD total scorett 


Placebo Dupilumab Total 
(N=471) (N=468) (N=939) 


1.32+0.46 1.28+0.45 1.30+0.46 


1.41+0.47 1.39+0.47 1.40+0.47 
50.6+13.0 50.6413.3 50.6+13.1 
0.5+0.1 0.5+0.1 0.5+0.1 
48.4+17.8 48.4+17.0 48.4+17.4 
13.0+6.9 12.947.2 12.947.1 


Plus—minus values are means +SD. Percentages may not total 100 because of rounding. COPD denotes chronic ob- 
structive pulmonary disease, FENO fractional exhaled nitric oxide, FEV, forced expiratory volume in 1 second, FVC 


forced vital capacity, and ppb parts per billion. 
Race and ethnic group were reported by the patient. 


i 

$ This analysis included 377 patients in the placebo group, 389 patients in the dupilumab group, and 766 patients overall. 

§ The body-mass index is the weight in kilograms divided by the square of the height in meters. 

€ Patients could have been included in both medication categories. 

| Patients were receiving triple therapy consisting of an inhaled glucocorticoid, a long-acting muscarinic antagonist 
(LAMA), and a long-acting B,-agonist (LABA) unless inhaled glucocorticoid was contraindicated, in which case thera- 


py included only LAMA and LABA. 


* This analysis included 442 patients in the placebo group, 433 patients in the dupilumab group, and 875 patients overall. 
TT The St. George’s Respiratory Questionnaire (SGRQ) is a 50-item questionnaire designed to measure and quantify 
health status in adult patients with chronic airflow limitation. Total scores range from 0 to 100, with lower scores in- 
dicating a better quality of life; the minimum clinically important difference is 4 points.” 


tt The Evaluating Respiratory Symptoms in COPD (E-RS—COPD) instrument is an 11-item derivative tool used to mea- 


sure the effect of a treatment on the severity of respiratory symptoms in patients with stable COPD. Total scores 
range from 0 to 40, with lower scores indicating less severe respiratory symptoms. 


line value—by-visit interaction, and other model- 
specific factors as covariates. A hierarchical 
testing procedure was used. Additional details 
regarding the statistical methods are provided in 
the Supplementary Appendix. 


RESULTS 


PATIENTS 
From May 2019 through February 2022, a total 
of 939 patients underwent randomization: 468 
to the dupilumab group and 471 to the placebo 
group (Fig. S2). In total, 95.1% of the patients in 
the dupilumab group and 93.4% of those in the 
placebo group completed the 52-week trial peri- 
od. The demographic and disease characteristics 
of the two groups were well balanced at baseline 
(Table 1). The mean (+SD) age of the patients 
was 65.1+8.1 years. Patients were predominantly 
male and non-Hispanic or non-Latino and White. 
Overall, 30.0% of the patients were current 
smokers, and 27.4% were receiving a high-dose 
inhaled glucocorticoid (beclomethasone dipro- 


pionate at a dose of >1000 ug or equivalent) 
(Table S1). Almost all the patients (97.6%) were 
receiving triple therapy (i.e., inhaled glucocorti- 
coid plus LAMA-LABA). The mean number of 
moderate or severe exacerbations of COPD in the 
previous year, the mean SGRQ total score, and 
the mean E-RS—COPD total score were similar in 
the two groups (Table 1). The representativeness 
of the trial population is presented in Table S11. 

The mean baseline absolute blood eosinophil 
count was 401+298 per microliter, and the mean 
baseline FENO level was 24.33+22.40 ppb (Ta- 
ble 1). Additional characteristics of the patients 
at baseline are shown in Table S2. 


PRIMARY END POINT 
The annualized rate of moderate or severe exac- 
erbations of COPD was 0.78 (95% confidence in- 
terval [CI], 0.64 to 0.93) in the dupilumab group 
and 1.10 (95% CI, 0.93 to 1.30) in the placebo 
group (rate ratio, 0.70; 95% CI, 0.58 to 0.86; 
P<0.001) (Table 2). Results were similar in pre- 
specified subgroups and in sensitivity analyses 
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Table 2. End Points Corrected for Multiplicity (Intention-to-Treat Population).* 


Placebo 
End Point (N=471) 


Primary end point 


Annualized rate of moderate or severe exacerbations of 
COPD 


Adjusted annualized rate of moderate or severe exacerba- 
tions — events per yr (95% Cl) 


Rate ratio vs. placebo (95% Cl) 


1.10 (0.93 to 1.30) 


Secondary and other end points 
Change in prebronchodilator FEV, from baseline to wk 12 
Least-squares mean change (95% Cl) — liters 0.077 (0.042 to 0.112) 


Least-squares mean difference vs. placebo (95% Cl) — — 
liters 
Change in prebronchodilator FEV, from baseline to wk 52 
Least-squares mean change (95% CI) — liters 0.070 (0.033 to 0.107) 


Least-squares mean difference vs. placebo (95% CI) — — 
liters 


Change in prebronchodilator FEV, from baseline to wk 12 


among patients with a baseline FENO =20 ppb 
Least-squares mean change (95% CI) — liters 0.108 (0.038 to 0.177) 


Least-squares mean difference vs. placebo (95% CI) — — 
liters 


Change in prebronchodilator FEV, from baseline to wk 52 
among patients with a baseline FENO =20 ppb 


Least-squares mean change (95% Cl) — liters 0.120 (0.047 to 0.192) 


Least-squares mean difference vs. placebo (95% Cl) — — 
liters 


Change in SGRQ total score from baseline to wk 52 
Least-squares mean change (95% CI) -6.4 (-8.0 to -4.8) 
Least-squares mean difference vs. placebo (95% Cl) — 

SGRQ total score improvement =4 points at wk 52 
Percentage of patients (95% Cl) 43.1 (38.6 to 47.7) 
Odds ratio vs. placebo (95% Cl) — 

Change in E-RS-COPD total score from baseline to wk 52 
Least-squares mean (95% CI) -1.6 (-2.1 to -1.1) 

Least-squares mean difference vs. placebo (95% Cl) — 


Annualized rate of moderate or severe exacerbations of 
COPD among patients with a baseline FENO =20 ppb 


Adjusted annualized rate of moderate or severe exacerba- 
tions — events per yr (95% CI) 


Rate ratio vs. placebo (95% CI) 


1.12 (0.83 to 1.50) 


* End points are listed in the order in which they were hierarchically tested. 


Dupilumab 
(N=468) 


0.78 (0.64 to 0.93) 


0.70 (0.58 to 0.86) 


0.160 (0.126 to 0.195) 
0.083 (0.042 to 0.125) 


0.153 (0.116 to 0.189) 
0.083 (0.038 to 0.128) 


0.232 (0.164 to 0.299) 
0.124 (0.045 to 0.203) 


0.247 (0.176 to 0.318) 
0.127 (0.042 to 0.212) 


-9,7 (-11.3 to -8.1) 
-3.4 (-5.5 to -1.3) 


51.5 (46.9 to 56.1) 
1.4 (1.1 to 1.9) 


-2.7 (-3.2 to 22) 
-1.1 (-1.8 to -0.4) 


0.70 (0.51 to 0.96) 


0.62 (0.45 to 0.87) 


P Value 


(Tables S3 and S4 and Fig. $3). The cumulative moderate or severe exacerbation is shown in 
mean number of moderate or severe exacerbations Figure S4. Additional summaries of moderate or 
during the 52-week trial period in each group is severe exacerbations during the 52-week trial pe- 
shown in Figure 1A, and the time to the first riod are provided in Tables S5 and S10. 
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SECONDARY AND OTHER END POINTS 
Lung Function 

Changes from baseline in the prebronchodilator 
FEV, during the 52-week trial period are shown 
in Figure 1B. At week 12, the least-squares mean 
change from baseline in the prebronchodilator 
FEV, was 160 ml (95% CI, 126 to 195) in the 
dupilumab group and 77 ml (95% CI, 42 to 112) 
in the placebo group; the least-squares mean dif- 
ference was 83 ml (95% CI, 42 to 125; P<0.001) 
(Table 2). This improvement was observed within 
2 weeks after the initiation of dupilumab or pla- 
cebo and was sustained through week 52 (least- 
squares mean difference, 83 ml; 95% CI, 38 to 
128; P<0.001). Results were similar in prespeci- 
fied subgroups and in sensitivity analyses (Tables 
S6 and S7 and Fig. S5). Changes in other lung- 
function variables are shown in Figure S6 and 
Table S10. 


Patient-Reported Outcomes 

Improvement from baseline in the SGRQ total 
score at week 52 was greater in the dupilumab 
group than in the placebo group (Table 2). Pa- 
tients reported improvement as early as week 4 
that was sustained through week 52 (Fig. S7A). 
Improvement in the SGRQ total score that ex- 
ceeded the MCID (4 points) at week 52 occurred 
in 51.5% of the patients in the dupilumab 
group and in 43.1% of those in the placebo group 
(odds ratio, 1.4; 95% CI, 1.1 to 1.9; P=0.009) 
(Table 2). 

Patients in the dupilumab group also had a 
greater improvement in the E-RS—COPD total 
score from baseline to week 52 than did patients 
in the placebo group (Table 2). Scores through- 
out the trial period are shown in Figure S7B. 


End Points in Patients with a Baseline FENO Level 
of 20 ppb or Higher 

Among the patients who had a FENO level of 20 
ppb or higher at baseline, the least-squares mean 
change from baseline in the prebronchodilator 
FEV, at week 12 was 232 ml (95% CI, 164 to 299) 
in the dupilumab group and 108 ml (95% CI, 38 to 
177) in the placebo group; the least-squares 
mean difference was 124 ml (95% CI, 45 to 203; 
P=0.002) (Table 2). This improvement was sus- 
tained through week 52. In addition, similar to 
the results of the primary analysis, the annual- 
ized rate of moderate or severe exacerbations in 
this subgroup was lower among patients in the 
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Figure 1. Moderate or Severe COPD Exacerbations and Change in 
Prebronchodilator FEV, over Time. 

I bars indicate 95% confidence intervals. COPD denotes chronic obstruc- 
tive pulmonary disease, FEV, forced expiratory volume in 1 second, and 
LS least squares. 


dupilumab group than among those in the pla- 
cebo group. 


Biomarkers of Type 2 Inflammation 

Changes from baseline in the levels of biomark- 
ers of type 2 inflammation during the 52-week 
trial period are shown in Table S8 and Figure S8. 


SAFETY 
Overall, 95.1% of the patients in the dupilumab 
group and 93.4% of those in the placebo group 
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Table 3. Adverse Events (Safety Population).* 


Placebo 
(N=470) 


Dupilumab 


Event (N=469) 


no. of patients (%) 


Any adverse event 35 363 
Any serious adverse event 
Any adverse event leading to death 


Any adverse event leading to permanent 
discontinuation of placebo or 
dupilumab 


Adverse events occurring in =>5% of patients 
in either group 


Nasopharyngitis 

Upper respiratory tract infection 
Headache 

COPD 

Covid-19 

Hypertension 

Diarrhea 

Back pain 


Major adverse cardiovascular event} 


* The safety population consisted of all patients who received at least one full 
or partial dose of dupilumab or placebo; the analysis was performed accord- 


ing to the treatment each patient received. One patient assigned to the place- 


bo group inadvertently received dupilumab, so the safety population includes 
470 patients in the placebo group and 469 patients in the dupilumab group. 
Covid-19 denotes coronavirus disease 2019. 

+ Major adverse cardiovascular events (adjudicated) included cardiovascular 
death, nonfatal myocardial infarction, and nonfatal stroke. 


completed the 52-week trial period. The percent- 
age of patients who had adverse events after the 
start of administration of dupilumab or placebo 
was similar in the two groups (77.4% in the 
dupilumab group and 76.0% in the placebo group) 
(Table 3). The most common adverse events were 
nasopharyngitis, upper respiratory tract infec- 
tion, and headache. Serious adverse events were 
reported in 13.6% of the patients in the dupilumab 
group and in 15.5% of those in the placebo group. 
Adverse events that resulted in death occurred in 
1.5% of the patients in the dupilumab group and 
in 1.7% of those in the placebo group. 

Adverse events commonly associated with 
COPD include respiratory, cardiac, and vascular 
events. Adverse events in the respiratory, thoracic, 
and mediastinal disorders system organ class 
occurred in 16.0% of the patients in the dupilumab 
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group and in 17.0% of those in the placebo group; 
adverse events in the cardiac disorders system 
organ class occurred in 7.0% and 8.5%, respec- 
tively; and adverse events in the vascular disorders 
system organ class occurred in 7.0% and 9.6% 
(Table S9). Adjudicated adverse events that were 
classified as major adverse cardiovascular events 
occurred in 0.9% of the patients in the dupilumab 
group and in 1.9% of those in the placebo group. 


DISCUSSION 


In symptomatic patients with COPD and evidence 
of type 2 inflammation who had a high risk of 
COPD exacerbation despite the use of standard 
triple therapy, treatment with dupilumab resulted 
in a lower annualized rate of moderate or severe 
exacerbations than placebo. Dupilumab was also 
associated with significantly greater improve- 
ments in lung function and health-related qual- 
ity of life and significantly less severe respira- 
tory symptoms than those seen with placebo, 
and these differences were observed within 2 to 
4 weeks after the initiation of dupilumab or pla- 
cebo and were sustained throughout the 52-week 
trial period. 

Trials of biologic agents that target interleu- 
kin-5 or its receptor have shown mixed results 
with respect to reduction in COPD exacerbation, 
no evidence of improvement in lung function or 
quality of life, and no evidence of reduction of 
symptoms despite the depletion of eosinophils in 
peripheral blood that occurs with these agents.’*"4 
The clinical improvements associated with du- 
pilumab — a fully human monoclonal antibody 
that blocks the shared receptor component for 
interleukin-4 and interleukin-13 — that were 
observed in the BOREAS trial confirm the role 
of interleukin-4 or interleukin-13 (or both) in the 
pathophysiological characteristics of this COPD 
subpopulation with type 2 inflammation that ex- 
tends beyond the role of interleukin-5 and eosino- 
phils. Among the patients who had a FENO level 
of 20 ppb or higher at baseline, those in the 
dupilumab group had a greater reduction in COPD 
exacerbations and greater improvement in lung 
function than those in the placebo group, find- 
ings that are consistent with the known role of 
interleukin-4 and interleukin-13 in type 2 inflam- 
mation.°"® Dupilumab may play a role in reducing 
goblet-cell hyperplasia, mucus hypersecretion, and 
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airway remodeling through its inhibition of the 
interleukin-4 or interleukin-13 pathway. 

We hypothesize that mucus changes, decreased 
airway inflammation, reduced edema, lowered 
airway resistance, or a combination of these fac- 
tors may have resulted in less airway obstruction 
and hence an improvement in the FEV, with the 
observed improvement in forced vital capacity 
potentially reflecting improvement in air trap- 
ping. In addition, dupilumab may reduce up- 
regulation of nitric oxide synthase, type 2 helper 
T-cell differentiation, and recruitment of type 2 
inflammation-related effector cells such as eo- 
sinophils, mast cells, and basophils. These mech- 
anisms of action may contribute to the observed 
improvements in exacerbations and lung func- 
tion. 

A strength of the BOREAS trial is the fact that 
it was an adequately powered, international trial 
in which a current or previous diagnosis of 
asthma was a strict exclusion criterion. In addi- 
tion, the trial showed consistency with respect 
to the clinically relevant results across multiple 
aspects of important COPD end points and sub- 
groups in the context of a low dropout rate and 
a similar incidence of adverse events in the two 
trial groups. 

The BOREAS trial also has limitations. First, 
the trial was conducted during the coronavirus 
disease 2019 pandemic, which affected the con- 
duct of clinical research and patient exposures 
and behaviors worldwide. These factors may 
have contributed to challenges in recruitment 
and decreased frequencies of COPD exacerba- 


tions. The low overall incidence of exacerbations 
observed in the trial resulted in a reduction in 
the power to detect between-group differences; 
nevertheless, the dupilumab treatment effect 
was robust and consistent across multiple sub- 
groups and geographic regions. Second, despite 
recruitment efforts to ensure a representative 
population, patients who identified as Black were 
underrepresented. Third, randomization was not 
stratified according to smoking status. 

The World Health Organization estimates 
that, by 2060, more than 5.4 million deaths per 
year will be attributable to COPD and related 
coexisting conditions.” Exacerbations of COPD, 
regardless of severity, lead to poorer quality of 
life, increased hospitalizations, and an increased 
risk of death.” 

Treatment with dupilumab resulted in a lower 
annualized rate of exacerbations, better lung func- 
tion and quality of life, and less severe symptoms 
than placebo in adults with COPD who had type 
2 inflammation as indicated by elevated blood 
eosinophil counts. 
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